Secnidazole (1), 1-(2-hydroxypropyl)-2-methyl-5-nitroimidazole, like many nitroheterocycles has proved to be an active drug against trichomoniasis, amaebiasis and infection with anaerobic bacteria. [1] [2] [3] In the treatment of infections, an oral medication is used in doses ranging from 500 mg to 2 g daily. After oral administration this compound is biotransformed in liver and excreted in urine and faeces.
Secnidazole (1), 1-(2-hydroxypropyl)-2-methyl-5-nitroimidazole, like many nitroheterocycles has proved to be an active drug against trichomoniasis, amaebiasis and infection with anaerobic bacteria. [1] [2] [3] In the treatment of infections, an oral medication is used in doses ranging from 500 mg to 2 g daily. After oral administration this compound is biotransformed in liver and excreted in urine and faeces. 4) The electrochemical reduction of secnidazole, involving the nitro group, has been exploited for the polarographic determination of the drug. 5, 6) With direct-current polarography, millimolar and submillimolar concentration of secnidazole can be quantified, 5) while differential-pulse polarography permits detection of micromolar level. 6) The main challenge in developing a procedure for the measurement of any drug substance is high sensitivity coupled with applications to real samples. Adsorptive stripping voltammetry has been effectively used for the determination of nanomolar or subnanomolar level of several drugs. [7] [8] [9] The present work is concerned with the trace quantification of secnidazole using differential-pulse cathodic stripping voltammetry. The adsorption of secnidazole onto a hangingmercury drop electrode (HMDE) can be used as an effective preconcentration step before a voltammetric measurement. In this way, a highly sensitive measurement of this drug at the low level found in urine after therapeutic adminstration of secnidazole can be achieved. Such techniques for measuring concentrations of nitro compounds in urine are necessary in order to avoid toxic concentrations of such drugs.
Experimental
Reagents A stock solution (1ϫ10 Ϫ4 M) of secnidazole was freshly prepared in pure methanol and stored at 4°C in the dark. A series of standard solutions was then prepared daily by dilution with methanol of the stock solution. Britton-Robinson or acetate or phosphate buffers were used as supporting electrolytes. All of the reagents used were of analytical-reagent grade. Deionized double-distilled water was used throughout the work.
Apparatus Stripping and cyclic voltammograms were obtained with a PAR polarographic analyzer (Model 264A) coupled to an EG&G Princeton Applied Research (Model RE0091) X-Y recorder. The working electrode was a PAR 303 A static mercury drop electrode. A medium sized drop (surface area 0.014 cm Ϫ2 ) was employed. All of the potentials were referred to a Ag/AgCl reference electrode and a platinum wire was used as a counter electrode. Stirring was performed using a PAR (Model 305) magnetic stirrer.
Procedure A 10 ml volume of the supporting electrolyte solution containing a known amount of secnidazole was added to the cell and purged with purified nitrogen for 8 min. Preconcentration was then achieved at a new drop at potential of Ϫ0.1 V, while the solution was stirred at 400 rpm. The stirring was stopped, and the solution was allowed to equilibrate for 15 s. A negative-going scan was then applied at a rate of 100 mV s Ϫ1 for cyclic voltammetry and at 5 mV s Ϫ1 for differential-pulse voltammetry. Analysis of Secnidazole in Urine A mixture of 0.5 ml of urine and 0.5 ml methanol was adjusted to pH 11.0 by addition of 0.1 ml NaOH (1 M). After having added 0.5 ml of 5% ZnSO 4 the solution was centrifuged for 15 min in a high-speed centrifuge. An aliquot (1 ml) of the clear supernatant was added to a mixture of 8 ml 0.02 M acetate buffer at pH 4.0 and 1 ml methanol. The solution was de-aerated for 8 min and after a preconcentration period of 120 s at an accumulation potential of Ϫ0.1 V the adsorptive stripping voltammogram was recorded after a rest period of 15 s. Determination of the secnidazole concentration was accomplished by the standard addition method. Figure 1 shows repetitive cyclic voltammograms recorded after dipping the HMDE in stirred 5ϫ10 Ϫ7 M secnidazole in 0.02 M acetate buffer at pH 4.0, for an accumulation period of 60 s. Two well-defined reductive peaks were observed at Ϫ0.32 and Ϫ0.86 V. Subsequent scans exhibit a drastic decrease of the peak current of the first step to a stable value representing the response of solution species, indicating rapid desorption from the surface. The effects of the potential scan rate (n) on the peak current (i p ) and potential for the accumulated secnidazole is shown in Fig. 2 . A log i p versus log n graph was linear over the 5-500 mV s Ϫ1 range with a slope of 0.85. A slope of 1.0 is expected for an ideal reaction of surface species. 10) For the second step i p was a linear function of (n 1/2 ), as expected for a diffusion-controlled process. The interfacial accumulation and redox behavior of secnidazole at the mercury electrode can be utilized for effective adsorptive stripping determinations of this drug. Figure 3A shows linear sweep voltammograms for 5.0ϫ10
Results and Discussion
Ϫ7 M of sec- Cyclic voltammetry was used to explore the adsorption behavior of secnidazole on a hanging mercury drop electrode (HMDE). The effects of various operational parameters on the accumulation behavior of the adsorbed species were tested. Thus, a sensitive stripping voltammetry procedure for the determination of secnidazole with an adsorptive accumulation on the surface of HMDE has been developed. Measurements were taken by differential-pulse voltammetry after determination of the optimum conditions. The linear concentration range was 1؋10 ؊8 -1؋10 ؊7 M when using a 120 s preconcentration at ؊0.1 V vs. Ag/AgCl in acetate buffer of pH 4.0. The detection limit of secnidazole was 5؋10 ؊9 M. The precision, expressed by the coefficient of variation, was 2.5% (n‫)01؍‬ at a concentration of 1؋10 ؊7 M. The method was successfully applied to the analysis of secnidazole in urine.
Determination of Secnidazole in Urine by Adsorptive Stripping Voltammetry
nidazole after different preconcentration times. The longer the preconcentration time, the more secnidazole is adsorbed and the larger the peak current. Figure 3B illustrates the dependence of the stripping peak on the preconcentration time for 5ϫ10 Ϫ7 M secnidazole. As the accumulation time increases, the peak current tends to level off, showing that the adsorptive equilibrium is established. For 5ϫ10 Ϫ7 M secnidazole, full surface coverage was achieved after a period of 180 s in stirred solution. Under these conditions, the charge transferred Q a , for the reduction step of secnidazole adsorbed at the electrode was 2.1 mC as calculated by the integration of the area under the peak, corrected for residual current. 11) According to the equation
The surface coverage G (mol cm Ϫ2 ) can then be calculated. Where nϭ4, corresponds to the reduction of the nitro group to hydroxylamine, F is the Faraday constant and A is the surface area (0.014 cm 2 ). The surface coverage G was 4ϫ 10 Ϫ10 mol cm
Ϫ2
. Therefore, each adsorbed molecule occupies an area of 0.43 nm 2 , if the adsorption of secnidazole was monolayer adsorption.
The nature, pH and concentration of the supporting elec- trolyte all influence the voltammetric response. Various supporting electrolytes such as Britton-Robinson, acetate or phosphate buffers were tested. It was found that acetate buffer at pH 4.0 resulted in the highest signal. The stripping peak current for 5ϫ10 Ϫ7 M of secnidazole was measured in acetate buffer at pH 4.0 of different ionic strengths, 0.01, 0.05 and 0.1 M. The enhancement of peak current is decreased on increasing ionic strength. The acetate buffer (0.02 M) at pH 4.0 was selected for analytical purposes.
Analytical Application When using optimal conditions (120 s preconcentration period; Ϫ0.1 V deposition potential; 0.02 M HOAc-NaOAc (pH 4.0) buffer and 400 rpm stirring rate), the response was linear over the concentration range 1ϫ10 
Analysis of Secnidazole in Urine
Secnidazole can be determined directly in urine, by reductive voltammetry at the HMDE without pretreatment. The measurements were performed in 8.5 ml of 0.02 M acetate buffer (pH 4.0), 1 ml methanol and 0.5 ml urine. When adsorptive stripping voltammetry was performed directly in urine without sample pretreatment, a significant depression of the stripping peak was observed. This was attributed to the adsorbing substances, such as protein competing with secnidazole for the adsorption site at the electrode surface. Then a sample preparation with ZnSO 4 was proposed. Figure 4 shows a recovery experiment for the determination of secnidazole within concentration range of 50-200 ng/ml of urine. The stripping peak current depends linearly on the secnidazole concentration according to the equation i p (nA)ϭ2.50ϩ1.27C (ng ml Ϫ1 ) (rϭ0.9998). Recovery experiment was performed by repeated measurements (nϭ6) of urine samples containing different amounts of secnidazole (in the range 50 and 200 ng per ml of urine). The mean recovery in the range mentioned above was 98.5% with a mean relative error of 3.2%. The precision of the measurement was calculated from the regression lines of the recovery experiments according to Miller and Miller. 12) The relative standard deviation was 3.6%. The detection limit (estimated as concentration corresponding to the signal to noise ratio of 3) was 5 ng per ml of urine.
In conclusion, this work demonstrates that highly sensitive voltammetric measurements of secnidazole are feasible utilizing the effective interfacial accumulation of the drug at the HMDE. Short pre-concentration periods permit convenient determination of secnidazole at nanomolar concentrations. Because of its inherent sensitivity, the method may be an effective alternative to the HPLC procedure. 13) 
